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7 is a time that a wafer is moved by the robot from Step
ito Step j;

B={ilrt,;>7; s 1€N 4} and

F=N \E.

2. The method of claim 1, further comprising: determin-
ing a production cycle of the system.

3. The method of claim 1, wherein the determination of
the robot waiting time is based on a Petri Net model.

4. The method of claim 1, wherein the h is 2.

5. A non-transitory computer-readable medium whose
contents cause a computing system to perform a computer-
implemented method for scheduling a cluster tool, the
cluster tool comprising a single-arm robot for wafer han-
dling, a wafer-processing system comprising four process
modules including PM,, PM,, PM,, and PM,, each for
performing a wafer-processing step with a wafer residency
time constraint where the ith process module, ie{1, 2, ... 4},
is used for performing Step i of the wafer-processing steps
for each wafer, and a wafer flow pattern having (PM,, (PM,,
PM,)", PM,) with (PM,, PM,)" being the revisiting process
and h=2, the method comprising:

obtaining, by a processor, a lower bound z,; of a produc-

tion cycle of Step iie{l, 2, . . . 4}, as follows:

T, =0 +3p+4A;
Tz =20+ 03 +5[1+8A;
T37=203+0,+51+8A; and

Tz =0u+3p+4M;

obtaining, by a processor, an upper bound =, of a
production cycle of Step i, ie{1, 2, . . ., 4}, as follows:

Ty O34
T =20+ 03+ 5+ 8A;
T37~203+0+5+8A; and

Ty =0+ 304N
obtaining, by a processor, a maximum lower bound xt;,,, .
as follows:
anax:ma‘X{niineN4};
obtaining, by a processor, a minimum upper bound xt,,,,;,,
as follows:

T g =I5 € N4}§
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determining, by a processor, a robot task time ), ina cycle
as follows:

N =14M+12p+ao+05;
determining, by a processor, a robot waiting time m, of
Step 1 as follows:

if [ﬂlbﬂw]m[ﬂzLaﬂzu]m.[ﬂsLﬂsu]m[ﬂ4Laﬂ4U]"® and
N 1T e, then setting we=w,=w,=w;=0, and
Setting 0 =z, ,—MNy;

else if' [7t, 7,7, /1M [z, 70010 [ﬂsLaﬂgu]m [z M) =D
and 77,,,,<M 1 ST 50, then setting
©=0;=0,=03=0;

else if' [7t, 7,7, /)M [z, 70010 [ﬂsLaﬂgu]m [z a1 =0
and 7y, ., <M <7, then setting w,,ieQ; by

0, ieF

Rlmax — &% — 0; — 4\ =3y, ieEN{L4
Momax — 200 — 8 —a3 —Su —8A, i€ E({2}
Momax — 203 =03 —ap —Su —8A, i€ E({3}

Wi =

3
and setting w4 = Apmax — 1 — Z Wi
=0

wherein:

a;, 1N, is a time that a wafer is processed in the ith
process module;

8, ieN ,, is a longest time that a wafer stays in the ith
process module after being processed;

A is a time that a wafer is loaded or unloaded by the robot

from Step 1;

W is a time that a wafer is moved by the robot from Step
ito Step j;

B={ilm, /<5, puns 1€ N 4}; and

F=N \E.

6. The non-transitory computer-readable medium of claim
5, wherein the method further comprises: determining a
production cycle of the system.

7. The non-transitory computer-readable medium of claim
5, wherein the determination of the robot waiting time is
based on a Petri Net model.

8. The non-transitory computer-readable medium of claim
5, wherein the h is 2.
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